Background: Behavioral and psychological signs and symptoms of dementia (BPSD) belong to the core symptoms of dementia and are also common in mild cognitive impairment (MCI). Objective: This study would like to contribute to the understanding of the prognostic role of BPSD in MCI for the progression to dementia due to Alzheimer's disease (AD). Methods: Data were generated through an ongoing prospective longitudinal study on BPSD. Assessment was performed by means of the Middelheim Frontality Score, Behave-AD, Cohen-Mansfield Agitation Inventory, Cornell Scale for Depression in Dementia (CSDD), and Geriatric Depression Scale 30-questions (GDS-30). Cox proportional hazard models were used to test the hypothesis that certain BPSD in MCI are predictors of developing AD. Results: The study population consisted of 183 MCI patients at baseline. At follow-up, 74 patients were stable and 109 patients progressed to AD. The presence of significant depressive symptoms in MCI as measured by the CSDD (HR: 2.06; 95% CI: 1.23-3.44; p = 0.011) and the GDS-30 (HR: 1.77; 95% CI: 1.10-2.85; p = 0.025) were associated with progression to AD. The severity of depressive symptoms as measured by the GDS-30 was a predictor for progression too (HR: 1.06; 95% CI: 1.01-1.11; p = 0.020). Furthermore, the severity of agitated behavior, especially verbal agitation and the presence of purposeless activity, was also associated with progression, whereas diurnal rhythm disturbances were associated with no progression to AD. Conclusion: Depressive symptoms in MCI appear to be predictors for progression to AD.
INTRODUCTION
Mild cognitive impairment (MCI) is a clinical concept that identifies subjects who are in an intermediate cognitive state between normal aging and dementia. MCI is a syndrome characterized by an impairment of memory or other cognitive decline, which does not affect a person's basic activities of daily living, whereas the complex instrumental functions may be minimally impaired. MCI can be divided into two subtypes: an amnestic subtype with memory deficits and a nonamnestic subtype with a cognitive decline other than memory. The subtypes can be further specified, based on cognitive impairment in a 'single domain' or in 'multiple domains' [1, 2] .
The clinical presentation, etiology, and outcome of MCI are heterogeneous. The etiology can be neurodegenerative, vascular, metabolic, traumatic, psychiatric, or other [1, 2] . Furthermore, patients with amnestic MCI are likely to progress to dementia due to Alzheimer's disease (AD) [3] , whereas the outcome of non-amnestic MCI appears to be more heterogeneous, including vascular dementia, frontotemporal dementia, and dementia with Lewy bodies [1] . However, not all MCI patients progress to dementia and some recover to normal cognition [2] . This can at least partially be explained by the fact that elderly with depression and cognitive symptoms were diagnosed as MCI in some studies [4] . It is assumed that less than half of the MCI patients develop a type of dementia and the annual rate of MCI progression to dementia is approximately 5-10% [5] . However, the progression rate is influenced by the MCI definition used, the MCI subtype and the research setting [5] .
Behavioral and psychological signs and symptoms of dementia (BPSD) belong to the core symptoms of dementia [6] , but BPSD are also common in MCI with reported prevalence ranging from 35% to 85% [7] [8] [9] [10] . Moreover, certain BPSD are also more prevalent and severe in MCI than in cognitively healthy older adults, but less prevalent and severe in MCI than in AD [7] . Given the high prevalence of BPSD in MCI and AD and given the intermediate BPSD state of MCI between healthy older adults and AD [7] , it is possible that some of these symptoms are predictors of progression from MCI to AD.
Therefore, large prospective longitudinal studies are needed for improved understanding of the prognostic value of neuropsychiatric features in MCI for the progression to dementia [9, 10] . With this study, we would like to contribute to the understanding of the epidemiology of MCI, the diagnostic value of BPSD in MCI and the evaluation of the prognostic role of BPSD in MCI for the progression to AD. We hypothesize that BPSD in MCI are predictors for the progression to AD.
MATERIALS AND METHODS

Study population and diagnostic criteria
This monocenter study included patients at the moment of their diagnostic work-up in a tertiary care level memory clinic. The diagnostic work-up consisted of a general physical and neurological examination, routine blood examination, structural neuroimaging consisting of brain magnetic resonance imaging or, if not feasible, brain computerized tomography, standard electroencephalogram, the Mini-Mental State Examination (MMSE) [11] , and an extensive time-linked (±3 months) neuropsychological examination with adjustment for gender, age, and education, comprising among others the Wechsler Memory Scale III [12] , Repeatable Battery for the Assessment of Neuropsychological Status [13] , and/or Hierarchic Dementia Scale [14] .
To diagnose MCI at baseline, Petersen's diagnostic criteria [1] were applied, i.e., (1) cognitive complaint, preferably corroborated by an informant; (2) objective cognitive impairment, quantified as a performance of more than 1.5 SD below the appropriate mean on the neuropsychological subtests; (3) largely normal general cognitive functioning; (4) essentially intact activities of daily living (basic and instrumental activities of daily living were determined by a clinical interview with the patient and an informant); and (5) not demented. As all cognitive domains of subjects were tested in an extensive time-linked (±3 months) neuropsychological examination, all MCI patients were categorized as: an 'amnestic' subtype with memory deficits or a 'non-amnestic' subtype with cognitive decline other than memory; and cognitive impairment could be present in a 'single domain' or in 'multiple domains'. Patients with neurological, psychiatric, or somatic disorders that were a sufficient cause for the cognitive complaints, such as alcohol abuse or severe depression, were excluded. Severe depression at baseline was defined as a Cornell Scale for Depression in Dementia (CSDD) total score of ≥22 or a Geriatric Depression Scale 30 questions (GDS-30) total score of ≥21. Study participants were 55 years of age minimum and had a clinical follow-up of at least one year or until dementia diagnosis.
In total our database contained data on 589 patients recruited for cognitive impairment (not demented) BPSD research purposes since 2003. After strict application of the MCI Petersen criteria, 303 patients were eligible. From this cohort, 235 MCI patients met the study criteria. Only 5 subjects dropped out due to the criterion 'severe depression at baseline'. Two of them remained non-amnestic single domain MCI over time, one subject normalized, one progressed to frontotemporal lobar degeneration and only one patient progressed to AD. To diagnose probable AD at followup, the NINCDS/ADRDA criteria [15] were used, though all patients also fulfilled the DSM-IV-TR criteria [16] . Clinical and neuropsychological follow-up of included patients and autopsy in deceased patients during follow-up who consented [17] , further contributed to the diagnostic accuracy of the subjects in this study.
Staging of cognitive deterioration was assessed by means of the Global Deterioration Scale [18] . Age at disease onset was estimated by the clinician following an interview with the patient's main caregiver. In case a non-professional caregiver was not available, the patient's main professional caregiver was contacted and interviewed.
The local ethics committee approved this study. All patients and/or patients' caregivers gave written informed consent. All patients were of Caucasian origin.
BPSD assessment
All subjects underwent in-depth BPSD assessment at inclusion (baseline) consisting of an interview of both patient and caregiver, covering a period of two weeks prior to inclusion. The battery of BPSD assessment scales comprised: Middelheim Frontality Score (MFS), Behavioral Pathology in Alzheimer's Disease Rating Scale (Behave-AD), Cohen-Mansfield Agitation Inventory (CMAI), CSDD, and GDS-30.
The MFS is a validated assessment scale that measures frontal lobe features and reliably discriminates FTD from AD patients with a sensitivity and specificity of almost 90% and with good inter-and intra-rater reliability [19, 20] . According to the Instructions for Administration and Scoring, the MFS was rated by the clinician or researcher and was obtained by summating scores in a standardized fashion on ten items. Each item was scored either zero (absent) or one (present) yielding a total maximal score of 10. The items scored are: (1) initially comparatively spared memory and spatial abilities; (2) Loss of insight and judgment; (3) disinhibition; (4) dietary hyperactivity; (5) changes in sexual behavior; (6) stereotyped behavior; (7) impaired control of emotions, euphoria or emotional bluntness; (8) aspontaneity; (9) speech disturbances such as stereotyped phrases, logorrhoea, mutism, echolalia; and (10) restlessness. The presence of frontal lobe symptoms in our study subjects was determined to be significant by a discriminatory cut-off of a total MFS score of ≥5 [20] .
The Behave-AD is a 25-item scale that measures BPSD in seven clusters (Table 2) , scored on a fourpoint scale of increasing severity [21] . Besides a total score, a global score on a four-point scale of increasing severity is provided, reflecting how troubling to the caregiver or dangerous to the patient the BPSD are, from not troubling or not dangerous (score 0) to severely troubling or dangerous (score 3). We dichotomized the severity scores to calculate prevalence percentages for Behave-AD clusters, total score and global score. Within the anxieties/phobias cluster, four types of anxiety symptoms are assessed which include; anxiety regarding upcoming events ('Godot syndrome'), fear of being left alone, other anxieties and other phobias which are each rated according to severity as outlined above. The activity disturbances cluster includes three items; wandering away from home, purposeless activity and inappropriate activity. We found it important to dissect these two Behave-AD clusters, as we believed that their individual items could be of prognostic value. It is farfetched to analyze the delusion or hallucination items, one cluster is a one-item cluster and other clusters are, besides in the Behave-AD, thoroughly discussed in the other more specific assessment scales.
The CMAI assesses 29 agitated behaviors on a seven-point scale of increasing frequency (1 = never to 7 = several times an hour) [22] . CMAI cluster scores include aggressive behavior (10 items), physically nonaggressive behavior (11 items) and verbally agitated behavior (8 items); a total score is provided as well. Agitation was considered to be clinically relevant when one or more items occurred at least once a week (any individual item score ≥3). Aggressive, physically non-aggressive and verbally agitated behavior was considered to be clinically relevant when one or more items within the respective cluster occurred at least once a week [23] [24] [25] [26] [27] [28] [29] .
Depressive symptoms were assessed by means of the CSDD and the GDS-30. The CSDD is a 19-item depression scale [30] . Item scores range from 0 (absent) to 2 (severe), with a maximum total score of 38 points. The items are clustered in five groups: (A) mood-related signs: anxiety, sadness and lack of reactivity to pleasant events; (B) behavioral disturbances: agitation, retardation, multiple physical (1-7) 3.0 ± 0.6 (2-5) complaints and loss of interest; (C) physical signs: appetite loss, weight loss and lack of energy; (D) cyclic functions: diurnal variation of mood, difficulty falling asleep, multiple awakenings during sleep and early morning awakening; (E) ideational disturbances: suicide, poor self-esteem, pessimism and mood-congruent delusions. The presence of significant depressive symptoms was defined by the CSDD as a total score of >7 [31] . Studies have shown the CSDD to be valid for screening depression in non-demented patients too [32] . The GDS-30 is a 30-item self-rating scale developed to screen for depression in elderly people and can also be rated, as in this study, by an interview with the patient, even not requiring a trained interviewer [33] . The presence of significant depressive symptoms was defined by the GDS-30 as a total score >11 [33] . The GDS-30 is also a reliable screening tool for depressive symptoms in MCI [34] .
For optimal interpretation of our data, we mentioned the score ranges of all assessment scales between brackets (x-y) in Tables 2 & 3 .
Cerebrospinal fluid (CSF) sampling and biomarker analyses
Lumbar puncture, CSF sampling, and handling have been performed according to a standard protocol [35] . CSF samples were stored at −80 • C until analysis.
CSF biomarker analyses of A␤ , T-tau, and P-tau 181P were performed using commercially available single parameter ELISA kits (INNOTEST ® , Fujirebio Europe, Ghent, Belgium) at the BIODEM lab of Institute Born-Bunge/University of Antwerp as previously described [35] .
A CSF biomarker profile was considered pathological and suggestive for AD if a subject displayed a low CSF A␤ value in combination with an increased T-tau and/or increased P-tau 181P value (unpublished data). In our hands, and using the commercially available INNOTEST kits (Fujirebio Europe, Ghent), normal values are: A␤ 1-42 >638.50 pg/mL, T-tau <296.50 pg/mL and P-tau 181P <56.50 pg/mL. These cutpoints have been determined in autopsyconfirmed AD patients as compared to cognitively healthy elderly (unpublished data).
Statistical analyses
The BPSD assessment scales used during this study provide semi continuous variables. The KolmogorovSmirnov test indicated that none of the used study variables could be treated as normally distributed. Therefore, non-parametric statistics were used: Kruskal-Wallis test and Mann-Whitney U tests Data are given as percentages and mean scores ± SD with ranges represented between brackets. For comparison of prevalence percentages, Chi-square statistics were used. For comparison of severity scores, Mann-Whitney U test was used. The level of significance was set at p < 0.05.
were applied to compare (semi) continuous variables, Chi-square statistics for categorical data.
Cox proportional hazard models were fitted to test if a given variable could predict the time to change in diagnosis from a baseline of MCI to an endpoint of AD. To estimate the Hazard Ratios (HR) for incident AD, 95% confidence intervals (CI) were used. All Cox proportional hazard models included age at baseline as a covariate. The significance of the variable of interest was tested using a likelihood ratio test, comparing the model with both age at baseline and the variable of interest, to a model containing only age at baseline.
Given the study objectives, focus was put on the stable MCI patients (no progress to dementia during our follow-up) in comparison with the AD progressive MCI patients. Nonetheless, in the end we also applied the Cox proportional hazard statistics to the data of all 235 MCI patients with a group of stable MCI patients compared to progressive MCI patients, considering all types of dementia as the other group, including the category 'unspecified' type of dementia.
Probability levels of <0.05 were considered significant. Statistical analyses were carried out using SPSS Statistics 17.0.
RESULTS
The follow-up outcomes from the 235 baseline MCI patients that met the study criteria were: (1) 74 'stable' MCI patients and (2) 161 'progressive' MCI patients progressed to dementia. From these 161: (a) 109 progressed to AD, (b) 13 progressed to a non-AD dementia; and (c) 39 progressed to an unspecified type of dementia. So 69% (n = 161) of the 235 MCI patients progressed to any kind of dementia and at least 46% (n = 109) of the 235 MCI patients progressed to AD. The baseline characteristics of the study population are summarized in Table 1 . The average time in progressive patients to develop AD was 2 years (2.0 ± 1.6 SD). The mean time of clinical follow-up of stable patients was 4 years (3.8 ± 2.3 SD) with a minimum of one year and a maximum of 9 years. On average, the progressive patients were older at study inclusion and age at onset and had a lower MMSE at baseline. Table 2 compares the prevalence and severity of BPSD between the stable and the progressive MCI patients. Delusions and psychosis are more prevalent and severe at baseline in progressive patients as compared to the stable MCI patients. Diurnal rhythm disturbances are more prevalent in stable MCI patients than in progressive, but mainly due to 'repetitive wakening during the night'. When it comes to more severe forms of diurnal rhythm disturbances, there is no difference in prevalence between stable and progressive MCI patients.
To study any difference in baseline BPSD between MCI subtypes or between men and women, we compared MFS, Behave-AD, CMAI, GDS-30, and CSDD total scores and Behave-AD global score. There was no difference in BPSD between the 4 MCI subtypes. Between men and women only the mean GDS-30 total score differed as women displayed more depressive symptoms than men (♂: 7.4 (±4.1) versus ♀: 8.9 (±4.9), p = 0.035).
Cox proportional hazards regression model (Table 3 ) adjusted for age (Fig. 1 ) demonstrated that the presence of depressive symptoms was associated with progression from MCI to AD. Significant depressive symptoms as measured by the CSDD doubled the hazard of progression to AD (Fig. 1 ). Significant depressive symptoms as measured by the GDS-30 are associated with a 77% increased hazard of progression to AD. The presence of diurnal rhythm disturbances, associated with a 35% decreased hazard, appeared to be 'protective' for the progression to AD. Each 1-unit increase on the cluster verbally agitated behavior of the CMAI, was associated with a 6% increased hazard of progression; and each 1-unit increase on the total score of the CMAI, was associated with a 4% increased hazard. Also each 1-unit increase on the GDS-30 was associated with a 6% increased hazard of progression.
Additionally, we found that only the presence (HR: 2.00; 95% CI: 1.12-3.59; p = 0.032) and severity (HR: 1.58; 95% CI: 1.06 -2.36; p = 0.045) of 'purposeless activity' is a predictor for progression to AD. The Behave-AD items 'Godot syndrome', 'fear of being left alone', 'other anxieties', 'other phobias', 'wandering away' and 'inappropriate activity' were no significant predictors for progression to AD.
Considering all MCI patients (n = 235) in a secondary analysis, we could only demonstrate that agitated behavior in MCI was associated with progression to dementia, especially verbal agitation. The presence of agitated behavior as measured by the total score of the CMAI was associated with a 46% increased hazard of progression to dementia (HR: 1.46; 95% CI: 1.06 -2.00; p = 0.020). Also each 1-unit increase on the total score of the CMAI was associated with a 6% increased hazard of progression (HR: 1.06; 95% CI: 1.02 -1.10; p = 0.003). The presence of verbally agitated behavior as measured by the CMAI was associated with a 67% increased hazard of progression to dementia (HR: 1.67; 95% CI: 1.20 -2.31; p = 0.002). Also each 1-unit increase on the cluster verbally agitated behavior of the CMAI was associated with a 4% increased hazard of progression (HR: 1.04; 95% CI: 1.01 -1.07; p = 0.012). In this analysis, we could not confirm that depressive symptoms were a predictor in MCI for progression to dementia (CSDD >7: p = 0.179; CSDD total score: p = 0.540; GDS-30 ≥12: p = 0.158; GDS-30 total score: p = 0.136). Moreover, other BPSD, like the presence of diurnal rhythm disturbances and the presence and severity of purposeless activity were no more significant predictors in MCI for the progression to dementia in this analysis. Sixty-six patients underwent lumbar puncture for CSF The prediction of incident AD was estimated with Cox proportional hazards regression models, adjusted for age. Hazard ratios (HR) with 95% confidence intervals (CI) are reported for the associations of each BPSDvariable with incident AD. The level of significance was set at p < 0.05. biomarker analyses. From these 66 patients, 52 had their lumbar puncture within a 3 month time-linked interval with the study inclusion date. Pathological biomarker profiles pointing to AD were found in 22 patients (42%). The progressive group had a higher percentage of patients with an AD pathological CSF biomarker profile. These biomarker profiles appeared to be a strong predictor for the progression to AD (HR: 5.57; 95% CI: 2.46 -12.61; p < 0.001).
DISCUSSION
We conclude that the presence of significant depressive symptoms in MCI as measured by the CSDD (HR: 2.06; 95% CI: 1.23-3.44; p = 0.011) and the GDS-30 (HR: 1.77; 95% CI: 1.10-2.85; p = 0.025) are associated with an increased hazard of progression to AD. Also the severity of depressive symptoms as measured by the GDS-30 (HR: 1.06; 95% CI: 1.01-1.11; p = 0.020) is a predictor for progression to AD. Furthermore, the severity of agitated behavior, especially verbal agitation and the presence of purposeless activity are identified as predictors for progression AD.
From the secondary analysis, we learn that agitation in MCI is also a predictor for progression to dementia in general and that depressive symptoms in MCI are specific predictors for progression to AD, as they were not significant for progression to unspecified dementia.
The dementia (69%) and AD (≥46%) progression rates in our study are quite high as compared to other studies [5] . This might be due to strict application of the MCI definition, with objective cognitive impairment quantified as a performance of more than 1.5 SD below the appropriate mean on the neuropsychological subtests [5] ; the research setting, being a specialized hospital-based setting, a memory clinic [5] ; and strict in-and exclusion criteria focusing on a neurodegenerative MCI etiology [1, 2] .
Depression is known to be associated with the incidence of MCI and dementia [36] . In some studies, also in MCI, depressive symptoms are associated with progression to AD or dementia [37, 38] . Our findings are in line with previous research, acknowledging that depression or depressive symptoms are of prognostic value for progression from MCI to AD [38] [39] [40] [41] [42] [43] , although this could not be demonstrated in some other studies [44] [45] [46] [47] [48] [49] [50] . One study even found a negative correlation between progression and the presence of affective symptoms [51] . Nevertheless, this conflicting evidence might be due to differences in study methodology, such as MCI definition, assessment instruments, sample size, statistics, follow-up term, research setting, etc. Furthermore, neither Gallagher et al. [45] nor our study could demonstrate a link between affective symptoms in MCI and progression to AD by means of the Behave-AD. The Behave-AD cluster affective disturbance was probably not specific enough towards depressive symptoms as compared to the CSDD and GDS-30 depression scales. Also in accordance with our results, Gallagher et al. [45] showed by means of the Behave-AD that purposeless activity was a significant clinical predictor for AD in MCI.
That diurnal rhythm disturbances are associated with no progression to AD is surprising, as circadian rhythm disturbances are frequent in AD [52] [53] [54] and in some studies even a predictor for the progression to dementia [55] . An explanation for our finding can be a lack of sensitivity of the Behave-AD cluster diurnal rhythm disturbances (that only consists of one item) in progressive MCI patients, as it is also known to be difficult to obtain accurate self-reports on sleep in demented patients [56] .
Hazard ratios often indicate the risk for an event, but one could question to which extent depression is a true 'risk factor' versus an early symptom occurring in the prodromal AD stage. Panza et al. [57] concluded in 2010 that at least in certain subsets of older adults, late-life depression, MCI and dementia could represent a possible clinical continuum [57] . They hypothesized that the neuropathological and neurochemical changes that characterize AD can play a role in the etiopathogenesis of depressive symptoms [57] . So, assuming that MCI may be the earliest identifiable clinical stage of dementia, depressive symptoms may be an early manifestation rather than a risk factor for dementia and AD [57] . Recent studies provided also neuroanatomical [58, 59] and neurochemical [60] evidence to support this hypothesis.
Furthermore, we also found that severity of agitation in MCI, especially verbally agitated behavior, was predictive for progression to AD. Neuroanatomical studies about agitation in MCI and AD point toward involvement of frontal and temporal brain areas [61] . Recently Trzepacz et al. [61] and Tsai et al. [60] added evidence to this theory and confirmed the relation between agitation and AD pathology in these specific brain areas through neurodegeneration and neurochemical changes. Also worse cognitive performance on the MMSE correlated with AD-related brain changes in these two studies.
Moreover, the following hypothesis might also explain the interrelation between depression and agitation as predictors for progression to AD. As described above, AD can play a role in the etiopathogenesis of depressive symptom. In addition, decreased serotonergic activity has been related to depression [62] and dopaminergic neurons are modulated by serotonergic innervation [63] . Indeed, the serotonergic system appears to have an inhibitory effect on the dopaminergic function [63, 64] . Furthermore, ascending dopaminergic pathways are part of the frontal-subcortical circuitry [65] and the dopaminergic system is one of the important modulators of frontal lobe function [66] . Consequently, frontal-subcortical circuit dysfunction leads to impaired executive functions, apathy and impulsivity [65] and might thus as well explain the prevalence and severity of agitation in MCI and AD patients.
Given our results, the interrelation of depression and agitation and recent neurochemical and neuroanatomical evidence, we may conclude that significant depressive symptoms and increased agitation are indeed early symptoms of AD rather than risk factors, which however has to be confirmed by future research.
This study has several strengths. First, this study is an up-to-9-year and still ongoing prospective longitudinal study. The continuous, even after AD progression, clinical and neuropsychological follow-up of included subjects contributed to increased diagnostic certainty of the population included. Second, the study included a well-characterized MCI population, diagnosed by strict application of stringent clinical diagnostic criteria and well monitored over time in our longitudinal protocol. Third, all patients were diagnosed by clinicians in the same center which preserves homogeneity in the MCI diagnostics and AD progression diagnoses. Fourth, we found homogeneous BPSD characteristics and AD progression rates in the four MCI subtypes of this study population. Consequently, no bias was introduced due to MCI BPSD or subtype heterogeneity. However, the absence of differences in BPSD comparing MCI subtypes might be due to limited statistical validity, because of relatively small subgroups of non-amnestic MCI patients included. Last but not least, though it was not the purpose of this study, we showed that a pathological AD biomarker profile was a strong predictor for progression to AD. Even though, these data were only available for a limited subgroup, the results were robust and in line with previous research [67, 68] .
In 2013, mild and major neurocognitive disorders (NCD) were introduced as new categories in the 5th edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) with their own diagnostic criteria [69] . Their adoption in the DSM-5 is in fact an important recognition of MCI as a clinical diagnostic entity. The reason of acknowledgment in the DSM-5 is the same as the motivation of the National Institute of Aging-Alzheimer Association (NIA-AA) working groups [3] and the International Working Group (IWG) [70] : to facilitate the diagnosis of the very early stages of AD, hoping for more successful therapeutic developments, through better research criteria. Mild and major NCD can also be 'due to AD', like 'MCI due to AD' (NIA-AA) or 'prodromal AD' (IWG). NCD covers the concept of MCI with a distinction between: mild, when the cognitive decline is modest without interference with complex instrumental activities of daily living; and major, when the cognitive decline is significant with a minimal interference with instrumental activities of daily living. In contrast with the new concepts of the NIA-AA and the IWG, biomarkers are not included in the NCD (due to AD) criteria.
Some study limitations are known to the authors. First, Table 3 shows the main results and several p-values that are nominally significant (p < 0.05), including the significant hazard ratios related to the presence of significant depressive symptoms (CSDD: p = 0.011; GDS-30: p = 0.025) and the presence of diurnal rhythm disturbances (p = 0.045); and the significant hazard ratios related to the severity of agitation (p = 0.034), verbally agitated behavior (p = 0.012) and the severity of depressive symptoms (GDS-30: p = 0.020). However, since we have tested multiple hypotheses, the risk of a false positive finding is inflated. Therefore, these significant associations should be regarded as interesting leads for further research rather than firm evidence of a strong association. Second, from 39 of the 235 MCI patients that met our study criteria, we were not able to retrieve to which type of dementia they progressed. Third, our study population was recruited in a memory clinic, which might have introduced a selection bias as BPSD might have contributed to referral. Fourth, another bias is that some study subjects might have developed depressive symptoms as a psychological reaction to the cognitive decline [57] . Fifth, although some studies found apathy as a predictor factor for the progression to AD by application of Cox survival analysis [47, 48] , we did not study the prognostic value of this specific symptom as no specific apathy assessment instrument was included in our study. Apathy has only been assessed partially through items 7 '( . . . ) or emotional bluntness' and 8 'aspontaneity' of the MFS. Lastly, our study population was not free of psychotropic drug intake, as more than half of the study population was treated with at least one psychotropic drug at baseline. Consequently, these psychopharmacological agents may have influenced our results by masking potential associations through diminished BPSD.
Some studies use MMSE scores as part of their key eligibility criteria for MCI like the Alzheimer's Disease Neuroimaging Initiative which mentions MMSE scores 24-30 (inclusive) for MCI subjects as an inclusion criterion. This might raise questions about our MCI study population with a broad MMSE range (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) . However, we would like to stress that the MMSE was only used for screening purposes. Besides, all patients underwent an extensive time-linked (±3 months) neuropsychological examination with adjustment for gender, age and education, comprising amongst others the Wechsler Memory Scale, Hierarchic Dementia Scale and/or Repeatable Battery for the Assessment of Neuropsychological Status. This neuropsychological examination was used to test for the clinical diagnostic criteria for MCI and/or progression to AD.
Depressive symptoms in MCI appear to be associated with progression to AD. Further research is important to unravel whether depression is a true 'risk factor' in MCI for the progression to AD or whether it is an early symptom of AD. Authors' disclosures available online (http://www.jalz.com/disclosures/view.php?id=2326).
